RANKL and vascular endothelial growth factor (VEGF) induce osteoclast chemotaxis through an ERK1/2-dependent mechanism.
Development of bone depends on a continuous supply of bone-degrading osteoclasts. Although several factors such as the matrix metalloproteinases and the integrins have been shown to be important for osteoclast recruitment, the mechanism of action remains poorly understood. In this study we investigated the molecular mechanisms homing osteoclasts to their future site of resorption during bone development. We show that RANKL and VEGF, two cytokines known to be present in bone, possess chemotactic properties toward osteoclasts cultured in modified Boyden chambers. Furthermore, in ex vivo cultures of embryonic murine metatarsals, a well established model of osteoclast recruitment, antagonists of RANKL and VEGF reduced calcium release, showing that both cytokines play roles during bone development. In cultures of purified osteoclasts both RANKL and VEGF induced phosphorylation of ERK1/2 MAP kinase. M-CSF, a well-known chemoattractant of osteoclast, also induced activation of ERK1/2, although this activation followed a kinetic pattern differing from that of RANKL and VEGF. RANKL and VEGF-induced, but not M-CSF-induced, osteoclast invasion was completely blocked by the specific inhibitor of ERK1/2 phosphorylation, PD98059. In addition, PD98059 was able to inhibit calcium release in cultures of embryonic metatarsals. In contrast, PD98059 was unable to abrogate the RANKL-induced calcium release in the tibia model, demonstrating that only some of the RANKL functions on osteoclast physiology are regulated through the ERK1/2 pathway. Taken together, these results show that RANKL and VEGF, in addition to their role in osteoclast differentiation and activation of resorption, are important components of the processes regulating osteoclast chemotaxis.